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The amount of seed damage done by insects in closed infructescences of Protea repens was recorded in order 
to establish the period when the maximum number of viable seeds is present on the plant. The larvae of three 
species of Coleoptera and two species of Lepidoptera were responsible for all the seed damage. There was a 
linear decrease with time in the percentage of undamaged seeds. Thirty weeks after flowering 68% of the seed 
production was undamaged, but after 102 weeks only 16% of the production remained undamaged. The highest 
number of viable seeds was present on plants from January to March, indicating this to be the most suitable 
period for controlled burning of P. repens. The heavy insect predation rate suggested that seed loss is a significant 
ecological stress factor in P. repens. 
Die hoeveelheid skade wat deur insekte aan sade in die saadkoppe van Protea repens veroorsaak word, is bepaal 
om vas te stel wanneer die maksimum aantal kiemkragtige sade teenwoordig is in die saadkoppe. Die larwes 
van drie Coleoptera·spesies en twee Lepidoptera·spesies is verantwoordelik vir die beskadiging van die saad. 
Die persentasie onbeskadigde sade het lineer afgeneem. Dertig·weke na blom was 68% van die saadproduksie 
nag onbeskadig, maar na 102·weke was slegs 16% van die sade nag onbeskadig. Die meeste kiemkragtige sade 
was van Januarie tot Maart op plante aanwesig, wat aantoon dat dit die mees geskikte tyd vir beheerde brande 
van P. repens is . Saadverlies as gevolg van insekpredasie is moontlik 'n belangrike ekologiese stresfaktor by P. 
repens . 
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Introduction 
The genus Protea is serotinous i.e. ripe seed is stored in 
infructescences (Bond eta/. 1984). This is in contrast to many 
species of Proteaceae which disperse their seeds annually, ants 
storing the seeds underground in the majority of these species 
(Slingsby & Bond 1981). Protea infructescences therefore 
constitute a food source for seed predators such as insects 
(Coetzee 1984) and rodents (Bond & Breytenbach 1985). 
Unlike the situation in the Australian species of Proteaceae, 
seed in closed infructescences of South African species cannot 
be removed by birds (Rebelo pers. comm.). 
The majority of the 72 Protea species occurring in the 
south-western Cape, grow on nutrient-deficient soils (Rourke 
1980). According to Morrow et a/. (1983), seed produced by 
plants on nutrient-deficient soils is usually unsuitable as a food 
source for vertebrates, but is destroyed in large quantities by 
invertebrates. In addition to direct damage to the seeds, insects 
may also cause damage to the rest of the infructescence. Since 
cyclical occurrence of fire is normally responsible for massive 
seed release and subsequent seedling recruitment in Protea, 
infructescence damage and death result in substantial quan-
tities of seed being released in the period between fires. Such 
seeds are exposed to predation by birds and rodents and 
consequently recruitment of seedlings between fires is very 
poor (Bond et a/. 1984). 
J ordaan (1949) studied post-fire germination of P. repens 
( = mel/ifera) and postulated that the optimal burning period 
for maximum recruitment of seedlings was from January to 
March. Results from a number of studies, based on post-fire 
observations (Jordaan 1965, 1972, 1982; Bond 1980, 1984, 
1985), support this hypothesis . The aim of the present study 
was to investigate the effect of insect predators on the seed 
bank of P. repens. The information obtained could assist in 
understanding the variation in seedling recruitment following 
burns in different seasons. It could also be useful in esta-
blishing the correct time for controlled burning, which is 
required in fynbos management programmes. 
In many Protea spp. the infructescences contain a high 
proportion of unfertilized seeds (Vogts 1982). Coetzee & 
Giliomee (1985) found that only 23% of the seeds in in-
fructescences of P. repens were fertile. Infertile seeds fall into 
two categories: thin-walled seeds with aborted embryos (in 
P. repens these occur only in low numbers) and thick-walled, 
lignified seeds (Vogts 1982). The latter are distinguishable from 
fertile seeds only by dissection. We test the hypothesis that 
insect larvae feed indiscriminately on fertilized and unfertilized 
seeds. 
Materials and Methods 
Infructescences of P. repens were collected at three-week 
intervals from three areas: Swartboschkloof (33 °59'S, 19°57'E), 
Jan Marais Nature Reserve (33 °55'S, 18°53'E) and Stellen-
bosch Mountain (33 °59'S, 18°53'E), in the Stellenbosch area 
of the western Cape Province. Mid-May was judged as the 
peak of the flowering season of winter-flowering P. repens. 
Closed infructescences of the present flowering season col-
lected at that time were indexed as zero weeks of age. The 
actual survey was started at the end of November 1981, when 
the youngest infructescences were 27 weeks old and infruct-
escences from the previous (1980) flowering season were 79 
weeks old. Infructescences from the 1980 flowering season 
were collected until May 1981 (age 102 weeks). The infruct-
escences of the 1981 flowering season were collected from 
November 1981 (age 27 weeks) until 102 weeks after the 
flowering peak. Collection of infructescences was terminated 
due to too few seeds being present as a result of high seed 
predation. Infructesecences from the 1982 flowering season 
were again collected at three-week intervals from mid-May 
1982 (age zero weeks) until July 1983 (age 60 weeks). At each 
collection, 10 P. repens plants were chosen in each of the three 
areas using Sampford's (1962) line transect method. One 
infructescence from each of the two most recent flowering 
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periods was collected from each plant using Lombaard's 
(1971) approach to distinguish between infructescences of 
different flowering seasons on the same plant. 
Collected infructescences were dissected and seeds examined 
for insect damage. Seeds showing any signs of damage were 
regarded as non-viable. Where the seed mass in the infruct-
escence was completely destroyed, the perianth tubes of such 
seeds were counted to estimate the original number of seeds. 
Where the entire contents of an infructescence were damaged 
beyond recognition, the average number of seeds in the sample 
was used to estimate the original number. 
To determine if insects destroy more fertile seeds (with 
embryos fully developed) than infertile seeds, 10 damaged and 
10 undamaged infructescences were collected in a seperate 
operation for each study site in December 1982. The in-
fructesences were classified as damaged if one or more of the 
seeds were destroyed. The undamaged seeds were used to 
determine the number of seeds with embryos fully developed 
in the undamaged and damaged infructescences. The results 
were analysed with the Student's {-test. 
Results 
Of the insects found in the infructescences of P. repens 
(Table 1), the larvae of Genuchus hottentottus F. (Coleoptera, 
Scarabaeidae), Sphenoptera sp. 'A' (Coleoptera, Buprestidae), 
Euderes lineicollis Weid. (Coleoptera, Curculionidae), Argy-
raploce sp. (Lepidoptera, Olethreutidae) and Tinea sp. (Le-
pidoptera, Tineidae) were responsible for all the damage to 
seeds. Larvae of Capys alphaeus Cramer (Lepidoptera, 
Lycaenidae) destroyed florets before the seed could develop, 
but occurred in low numbers and were therefore excluded 
from Table 1. The larvae of Sphenoptera sp. 'B' (Coleoptera, 
Buprestidae) and Cryptolechia ammopleura Meyrick (Lepi-
doptera, Oecophoridae) did not damage seeds, but caused seed 
dispersal by destroying the involucral receptacles. The 
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Table 1 Total number of borer larvae of insects found 
in 350 infructescences from each of three collection 
areas of P. repens, from flowering (age zero weeks) 
to 102 weeks after flowering. The average number 
of larvae per infructescence is given in parentheses 
Jan Marais 
Swart bosch- Nature Stellenbosch 
kloof Reserve Mountain 
Genuchus hottentoltus 96 (0,25) 50 (0,14) 39 (0,11) 
Sphenoplera sp. A * 30 (0,09) 84 (0,24) 34 (0,10) 
Sphenoplera sp. B* 2 (0,01) 2 (0,01) 19 (0,05) 
Euderes lineicollis 170 (0,49) 2 (0,01) 3 (0,01) 
Cryptolechia ammopleura 10 (0,02) 41 (0,12) 32 (0,09) 
Argyroploce sp* 3 (0,01) 64 (0,18) 4 (0,01) 
Tinea sp* 4 (0,01) 26 (0,07) 4 (0,01) 
Bostra conspicualis 10 (0,03) 4 (0,01) 4 (0,01) 
Total no. of larvae 325 236 139 
*Species not identified 
nocturnal leaf-feeding larvae of Bostra conspicualis Warren 
(Lepidoptera, Pyralidae) used the upper part of the infruct-
escences as a refuge during the day. 
At Swartboschkloof, larvae feeding on developing seeds 
were more abundant than those on mature seeds. At this 
location, 7,8070 of the florets that would have formed seeds 
were damaged during the flowering period and 30% of the 
total seed production was destroyed within the first 16 weeks 
after flowering (Figure 1) by the larvae of E. lineicollis. This 
species was present in low numbers in the other two areas 
(Table 1). 
A linear relationship was found between the sample mean 
percentage of undamaged seed for the three areas combined 
(y) and the time after flowering in weeks (x) (y = 89,935 -
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0,725 x; ? = 0,663) (Figure 1). At the completion of the 
ripening phase in December, about 48 weeks after flowering, 
an average of 55,1 OJo of the seed production of the last 
flowering season was undamaged. At 102 weeks after flower-
ing only 16% of the seed production remained undamaged. 
Although the percentage undamaged seeds during the ftrst year 
after flowering was higher in Jan Marais Nature Reserve than 
in Swartboschkloof, it was lower by the end of the second 
year (Figure 1). Seed predation on Stellenbosch Mountain was 
consistently lower than in the other two areas. 
There was no significant difference between the proportion 
of fertilized seeds in damaged or undamaged infructescences 
(Table 2). Insects therefore did not prey selectively on seeds. 
This was supported by observations of dissected infruct-
escences, in which foraging tunnels always proceeded at 
random, apparently unrelated to the position of fertilized seeds 
in the infructescence. 
Discussion 
An average of 84% of the stored seed reserved of P. repens 
was destroyed by insects within 2 years of the flowering period 
(Figure 1). By then an average of only five viable seeds per 
infructescence remained and in the third year after flowering 
the number of seeds surviving predation approached zero. The 
high rate of seed destruction therefore forces plants to vi-
gorously continue seed production throughout the entire 
interfire period, i.e. the life span of the plant, in order to 
maintain an adequate seed store for the recruitment of the 
species after fire. Nutrients in Proteaceae seeds are con-
centrated at much higher levels than are found in other plant 
tissues (Kuo et at. 1982). Since plants subsist on soils low in 
nutrients (Rourke 1980) the destruction of large quantities of 
nutrient-rich seeds may be considered a major ecological stress 
factor in P. repens. Only 27% of the florets of P. repens 
yielded fertile seeds (Table 2). The fact that seed predators 
did not discriminate between fertile and infertile seeds may 
be due to the thick, lignified walls of most of the infertile 
seeds. The high number of infertile seeds in infructescences 
of many Protea species (Vogts 1982) may therefore be an 
evolutionary adaptation to high seed predation pressure by 
insects, which results in many of the nutrient-rich fertile seeds 
escaping damage. 
Although controlled burning is an important management 
practice for the fynbos in which P. repens occurs, the appro-
priate season of the year for burning is still a matter of 
uncertainty and controversy. If the case of P. repens is taken 
as an indicator and the maximum number of viable seeds per 
plant as a criterion for the correct time of burning fynbos, 
it is clear from the results that January to March will be the 
most favourable period. Although the highest number of 
Table 2 Total fertilized seeds in 30 damaged and 
undamaged infructescences collected from three 
experimental sites in December 1982 to test the 
hypothesis that insect larvae fee.d indiscriminately 
on fertilized and unfertilized seeds 
Damaged 
infructescences 
Undamaged 
infructescences 
Total 
seed 
I 579 
3 019 
Total 
fertilized 
seed 
463 
803 
1- Significance 
value at P< 0,05 
15,26 NS 
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undamaged seeds was found during May to December, the 
majority of these seeds were immature. By the time these seeds 
were ripe and contributed to the viable seed reserve, 66% of 
the previous year's seed production had been destroyed. 
During the post-flowering period the reserve of mature seed 
will therefore be low until December, when the new seed-crop 
is ripe. The period from May to December is therefore clearly 
unfavourable for burning. This is in agreement with Jordaan 
(1949) and Bond (1980) who concluded that winter and spring 
fires would be 'dangerous' for regeneration of P. repens. 
Bond et a/. (1984) also found that the most successful 
recruitment of serotinous Proteaceae seedlings followed late 
summer and autumn burns (from February to April). In the 
case of P. repens their conclusion that a sufficient seed reserve 
accumulates over consecutive flowering seasons in the plant 
canopy to buffer the seed bank against the effects of fire is, 
however, clearly contradicted by the present results. The low 
number of seedlings occuring after a winter or spring fire 
could therefore be the result of a combination of a low pre-
fire seed reserve in the plant canopy and high seed predation 
by rodents of dispersed seeds on the ground (Bond 1984) over 
the ensuing long post-fire period. 
Protea infructescences open by means of hygroscopic 
mechanisms after the death of the involucra! receptacle (G.J. 
Brits unpublished data). Insect damage led to the death of 
a high percentage of receptacles, causing infructescences to 
open prematurely. In the undamaged state, however, P. repens 
plants indefinitely maintain infructescences in the closed 
condition (G.J. Brits unpublished data). It is clear that genetic 
factors should be distinguished from external factors, such 
as the effect of insect damage, when considering the 'degree 
of serotiny'. 
The current management practice whereby relatively small 
blocks of fynbos are burnt in rotation in the natural habitat 
might contribute to more intensive insect predation of P. 
repens seeds, caused by rapid invasion by seed predators from 
the surrounding unburnt vegetation. If relatively small areas 
are burnt, invasion by insects from surrounding areas would 
occur at a much faster rate than would presumably occur 
under natural conditions, when fires consume large areas of 
veld. 
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